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Fish culturing in net cages of deep water is a kind of new high-tech,which is 
cultivation of marine fishes in deep water with net cages. For the global marine fishery 
resorcese are going downhill nowdays, it is being popularized in the whole country as 
a high-tech to keep developing in sea aquaculture. In order to achieve real time 
monitoring nets and fish and give an alarm in time when the fish escape, it is important 
to research and develop the safety establishment to match the net cages.It is indicated 
by a great deal of investigation that the underwater monitor equipment matched to the 
net cages of deep water has great pratical value and market demand and it is necessary 
to develop a set of flexible and advanced underwater monitor equipment.In order to 
display the active state of fish in net cages of deep water, we developed the real time 
fish-monitoring equipment for net cages of deep water. It takes advantages of 
underwater acoustic propagation and reflection characristics to monitor net and fish in 
long term. This article foucoses on the anlysis of the techniques of monitoring fish in 
net cages of deep water home and abroad, the research and discuss on the methods for 
distilling the fish echo waves among noises and reverberations. The paper proposes a 
monitor method aiming at net safty, and based on the research, prototype instruments 
of both acoustic monitor system and industrialized system are designed preliminarily.   
The paper expatiates on the details of the design and research achivements in 
aspects of general scheme, circuit design, software design and etc. The system applies 
CPLD to design transmitting signal so that the transmitting signal frequency and pulse 
width accuracy are ensured. In order to resist noises and improve the echo signal’s 
SNR, the new ISP is used to pre-amplify the two-channel underwater acoustic echo 
signal and MAX274 is applied to realize a narrowband filter with central frequency at 
50kHz/200kHz. Signal processing based on Labview platform is adopted to resist 
disturbance and distrill echo signal and ensure the signal detection effect. Based on the 
above research, the prototype instruments of acoustic monitor system is designed. The 
experiments in a pool and in sea area have been performed many times. Based on the 
success in the sea area test, 51 series single chip computer is adopted as central 
processor and controller to controll the rotation of transducers, signal transmitting, 
signal receiving and echo signal processing. The detailed implementation is performed 































目    录 
摘  要 ......................................................................................................... 1 
ABSTRACT ............................................................................................... 2 
目    录 ..................................................................................................... 4 
CATALOG.................................................................................................. 7 
第一章 绪论.............................................................................................. 9 
1. 论文的选题背景和研究意义 ................................................................................ 9 
2. 国内外研究发展及现状 ...................................................................................... 10 
3. 论文主要内容....................................................................................................... 14 
第二章  海洋噪声、混响的影响及其抑制方案 ................................. 16 
1. 海洋噪声影响 ...................................................................................................... 16 
2. 海洋混响影响 ...................................................................................................... 18 
2.1 体积混响 ......................................................................................................... 18 
2.2 海面混响 ......................................................................................................... 20 
2.3 海底混响 ......................................................................................................... 20 
2.4 三类混响的性质总结 ..................................................................................... 21 
3. 抑制噪声、混响影响方法讨论 .......................................................................... 22 
第三章 系统工作原理............................................................................ 23 
1. 鱼群和网衣声学散射特性 .................................................................................. 23 
2. 发射信号的设计 .................................................................................................. 24 
2.1 工作频率 ......................................................................................................... 25 
2.2 发射功率 ......................................................................................................... 25 
2.3 指向性锐角 ..................................................................................................... 25 
2.4 发射脉冲宽度 ................................................................................................. 26 
2.5 发射脉冲重复周期 ......................................................................................... 26 















3. 鱼群监测系统的最佳接收 .................................................................................. 28 
3.1 幅度、门限判决后检测概率和虚警概率 ..................................................... 28 
3.2 窄带滤波提高信噪比处理增益 ..................................................................... 31 
3.3 相关运算提取目标回波信号 ......................................................................... 31 
3.4 匹配滤波器方法提取目标回波 ..................................................................... 33 
3.5 时间积分处理获得时间增益.......................................................................... 34 
3.6 TGC时间增益控制 .......................................................................................... 35 
第四章 系统实现方案............................................................................ 37 
1. 系统总体设计....................................................................................................... 37 
2. 系统样机实现方案 .............................................................................................. 38 
2.1 发射机部分 ..................................................................................................... 38 
2.2 接收机部分 ..................................................................................................... 42 
2.3 数据采集与信号处理部分 ............................................................................. 47 
2.4 换能器旋转控制部分 ..................................................................................... 53 
2.5 显示输出部分 ................................................................................................. 54 
3. 拟用于产业化的系统设计初步实现方案 .......................................................... 55 
3.1 信号源设计 ..................................................................................................... 55 
3.2 数据采集设计 ................................................................................................. 56 
3.3 信号处理设计 ................................................................................................. 59 
3.4 显示输出 ......................................................................................................... 62 
第五章 实验结果与讨论 ..................................................................... 644 
1. 系统样机实验结果与分析 ................................................................................ 644 
1.1 实验室水桶测试 ........................................................................................... 644 
1.2 实验室水池测试 ........................................................................................... 655 
1.3 深水养殖网箱现场测试 ............................................................................... 666 
2. 拟用于产业化的系统设计实验结果与分析 .................................................... 688 
3. 信号处理方法探讨 ............................................................................................ 700 















3.2 匹配滤波方法 ............................................................................................... 711 
第六章 总结与展望 ............................................................................... 755 
附录 ......................................................................................................... 766 
【参考文献】 ......................................................................................... 833 


















ABSTRACT ............................................................................................... 2 
CATALOG.................................................................................................. 7 
CHAPTER ONE INTRODUCTION....................................................... 9 
1. RESEARCH BACKGROUND....................................................................................... 9 
2. RESEARCH STATUS HOME & ABROAD ................................................................. 10 
3. MAIN RESEARCH CONTENTS ................................................................................ 14 
6CHAPTER TWO INFLUENCES OF SEA NOISES AND 
REVERBERATIONS.............................................................................. 16 
1. INFLUENCES OF SEA NOISES ................................................................................. 16 
2. INFLUENCES OF SEA REVERBERATIONS ............................................................... 18 
2.1 Volume Reverberations..................................................................................... 18 
2.2 Surface Reverberations..................................................................................... 20 
2.3 Bottom Reverberations ..................................................................................... 20 
2.4 Characteristics of Sea Reverberations .............................................................. 21 
3. METHODS TO RESIST NOISES AND REVERBERATIONS ......................................... 22 
CHAPTER THREE PRINCIPLES ....................................................... 23 
1. ACOUSTICS CHARACTERISTICS OF FISH AND FISHNET SCATTERING.................. 23 
2. TRANSMITTINGDIGANL DESIGN ........................................................................... 24 
2.1 Work Frequency ............................................................................................... 25 
2.2 Transmitting Power .......................................................................................... 25 
2.3 Direct Acute Angle........................................................................................... 25 
2.4 Pulse Width....................................................................................................... 26 
2.5 Echo Period....................................................................................................... 26 
2.6 Scan Period ....................................................................................................... 27 
3. RECEIVING SYSTEM .............................................................................................. 28 
3.1 Detection Probability & False Alarm Probability ............................................ 28 
3.2 Boost in Prossing Gain of SNR by Narrow Band Filter................................... 31 















3.4 Distilling Target Echo through Matched Gilter................................................ 33 
3.5 Achieving Time Gain by Time Tntegral .......................................................... 34 
3.6 Time Gain Control............................................................................................ 35 
CHAPTER FOUR REALIZATION SCHEMES ................................. 37 
1. GENERAL SYSTEM DESIGN ..................................................................................... 37 
2. SYSTEM MODEL REALIZATION SCHEME.............................................................. 38 
2.1 Part of Transmitting .......................................................................................... 38 
2.2 Part of Receiving .............................................................................................. 42 
2.3 Part of Data Acquisition& Singal Processing................................................... 47 
2.4 Controller of transducers .................................................................................. 53 
2.5 Output Display.................................................................................................. 54 
3. PRELIMINARY DESIGN OF INDUSTRIALIZED MODEL MACHINE ............................ 55 
3.1 Singal Source Design........................................................................................ 55 
3.2 Data Acquisition Design................................................................................... 56 
3.3 Singal Processing Design ................................................................................. 59 
3.4 Output Display Design ..................................................................................... 62 
CHAPTER FIVE EXPERIMENTAL RESULTS & ANALYSIS...... 644 
1. ACADEMIC INSTRUCMENT EXPERIMENTAL RESULTS........................................ 644 
1.1 Ceiling Experiments ....................................................................................... 644 
1.2 Experiments in A Pool.................................................................................... 655 
1.3 Sea Experiments ............................................................................................. 666 
2. INDUSTRIALIZED INSTRUCMENT EXPERIMENTAL RESULTS .............................. 688 
3. DISCUSSION OF SIGNAL PROCESSING METHODS................................................ 700 
3.1 Boost in SNR of  Echo Signal through Multiplication................................. 700 
3.2 Distilling Target Echo through Matched Filter .............................................. 711 
CHAPTER SIX CONCLUSION AND EXPECTATION .................. 755 
APPENDIX ............................................................................................ 766 
REFERENCES ...................................................................................... 833 

















































































































体，但可以根据回波能量估算出鱼体大小和大概数量。图 1-3 为在 310kHz、20m
范围内浅水网箱垂直扫描图
[3]
；图 1-4 为在 310kHz、20m 范围内网箱水平扫描图
[3]
；图 1-5 为在 1MHz、20m 范围内网箱水平扫描图[3]；图 1-6 为在 675kHz、20m
范围内网箱水平扫描图
[3]























































 图 1-8 喂养过程声学监测示意图 
 
对于大型养殖网箱场来说，聚集的网箱数目有几十个甚至上百个，两个对角
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